SUMMARY Ten patients 28-54 years old with recurrent attacks of variant angina (chest pain associated with transient ST-segment elevation) culminating in acute myocardial infarction were studied. Systemic blood pressure and heart rate remained unchanged or decreased during chest pain. Diagnosis of myocardial infarction was made on the basis of pathognomonic enzyme changes and T-wave inversions persisting for several weeks (seven patients) or development of Q waves (three patients). Complications were similar to the ones previously observed in conventional myocardial infarction. None of these patients died. Past history was characterized by absence of effort angina. Exercise stress testing after infarction was normal, and coronary arteriography revealed a spectrum of pathology, ranging from normal arteriograms to three-vessel disease. Intraaortic balloon pumping was ineffective in two patients, but subsequent coronary bypass surgery shortly after myocardial infarction was not followed by further attacks of chest pain. Follow-up of these patients revealed a benign course. Alcohol drinking and cigarette smoking appeared to be very prevalent in this group.
VARIANT ANGINA has been associated with a high incidence of myocardial infarction.1-6 Some investigators have suggested that the variant pattern of angina ceases after myocardial infarction," 2, 6 although others have reported persistent episodes of variant angina after myocardial infarction.4' 1 Despite a voluminous literature on the subject of variant angina,'1'6 starting with descriptions of cases as early as the 1930s, little evidence directly links episodes of variant angina with actual occurrence of myocardial infarction during the same hospital admission,5 6 and the temporal association of these two entities with the emerging clinical syndrome has not been delineated.
We report 10 patients who suffered recurrent transient episodes of chest pain associated with ST-segment elevation in the ECG, which progressed to acute myocardial infarction. Attacks of variant angina continued in a few patients after myocardial infarction. The clinical, electrocardiographic, and arteriographic characteristics, along with profiles of the risk factors in this syndrome, are presented and discussed.
Materials and Methods
Eight men and two women with a mean age of 41 ± 2.7 years (SEM; range 28-54 years) were observed in the coronary care unit (CCU) of Boston City Hospital. The patients experienced acute myocardial infarction in the midst of recurrent episodes of variant angina and had multiple ECGs recorded during hospitalization. Variant angina was defined as a syndrome characterized by recurrent transient angina occurring at rest without provocation, transient STsegment elevation with return of the ECG to the baseline after subsidence of angina, and completely pain-free intervals of varying duration (from hours to days) interspersed with attacks of angina. Blood pressure and heart rate during chest pain were either unchanged or decreased, compared with values obtained before the onset of angina. Routine procedures included continuous electrocardiographic monitoring and blood sampling for cardiac enzymes two or three times daily for the initial 2 days, once a day thereafter for as long as the patients remained in the CCU, and more often if clinically warranted. Oxygen at 3 I/min via nasal prongs was administered routinely, and diazepam was given for sedation when indicated. No intramuscular injections were administered during hospitalization. '7 The precordium of each patient was marked for accurate repositioning of the V lead of the electrocardiograph. Evaluation of the chest pain episodes included recording 12-lead ECG and blood pressure during and after the attacks, and charting information pertaining to blood pressure and heart rate before the attacks, duration of chest pain episodes, and response to drugs. Sublingual nitroglycerin or isosorbide dinitrate were used to abort the attacks of chest pain. Morphine sulfate was used intravenously in patients unresponsive to nitrates. In addition, these patients were treated with oral or chewable isosorbide dinitrate, nitroglycerin ointment applied to the skin, and oral propranolol hydrochloride. Lidocaine and procainamide were used as clinically indicated for arrhythmia suppression. The upper-normal limit of creatine kinase (CK) in our institution is 75 mIU/ml, and myocardial fraction of CK (MB-CK) normally does not exceed 3% of the total CK, using the Helena CK isoenzyme electrophoresis procedure, Helena 6 and 7) had multiple episodes of chest pain in the few hours preceding their admission. The remaining patients suffered recurrent episodes of chest pain during the 2 days before admission. Patient 3 had similar episodes for 1 week before admission. The duration of these episodes ranged from less than 5 to as long as 60 minutes. Some episodes responded to nitroglycerin (in patients 2, 9 and 10), completely or partially. Often nitroglycerin did not abort the pain, which abated gradually after several minutes. Chest pain was occasionally associated with weakness, diaphoresis, nausea and vomiting. The characteristics of chest pain during hospitalization were similar to the attacks experienced before admission, although episodes of angina in the hospital were often more prolonged. All patients suffered multiple chest pain episodes in the hospital, except patient 6, who experienced chest pain ._* ,. ==4_. During recurrent episodes of variant angina, a reduction of blood pressure and heart rate was always noted in two patients. Two patients showed either a reduction of these two parameters ( fig. 2C ) or no change ( fig. 2B ), and three showed no changes in heart rate and blood pressure during episodes of pain. Two patients showed either no changes ( fig. 3 ) or elevation of blood pressure and heart rate during episodes of variant angina. Finally, one patient showed no change, reduction of blood pressure and heart rate, and increase in blood pressure with unchanged heart rate during different episodes of variant angina. Changes in blood pressure and heart rate varied from minimal to marked. No correlation was found between the magnitude and the form (ST-segment elevation, depression, or T-wave alterations) of ECG, and the changes in blood pressure and heart rate noted during episodes of variant angina in individual patients or in the group. 
Enzymatic Data
Peak enzyme values were noted on day 1 to day 15 of the hospitalization. In seven patients, abnormally high percentages of MB-CK confirmed the diagnosis of acute myocardial infarction. Modest elevations of peak CK were noted in a few patients, but the values were more than 500% higher than the initial and/or final values of CK in the same patients. Four patients showed re-elevation of CK after a sequence of decreasing values, which suggests an extension of the original myocardial necrosis (table 3) . One patient had two such re-elevations. These additional peaks of CK were preceded by transient, often prolonged episodes of variant angina.
Complications
Evidence of ventricular irritability was noted in all patients (table 3) . One patient suffered an episode of ventricular fibrillation. Other complications included pericarditis in two patients, Dressler's syndrome in two patients, congestive heart failure in one patient, and transient incomplete right bundle branch block in one patient. Four patients (1, 3, 4 and 6) had an extension of myocardial necrosis. These patients had recurrent episodes of variant angina following the initial myocardial infarction. Intraaortic balloon counterpulsation was initiated in two patients (nos. 3 and 9) because of persistent chest pain on days 9 and 2 of admission, respectively. Episodes of variant angina persisted despite balloon pumping. These two patients underwent emergency aortocoronary bypass surgery, which did not result in further ECG changes from those present after their myocardial infarction (table 2, fig. 4 ). In patient 9, we saw the area of infarction during surgery. There were no deaths in this group of 10 patients. 
Cardiac Catheterization
Coronary pathology ranged from normal coronary anatomy to three-vessel disease ( [18] [19] [20] Variant angina often occurs at a young age,3 but family history of mostly fatal infarction at a young age has not been previously noted. Smoking and alcohol drinking precipitated attacks of variant angina in our patients, as previously reported.", 21 The role of Raynaud's disease (a vasoreactive state) and thrombocytosis in our patients' illness could not be explained. Contrary to the common course, these patients with variant angina did not stabilize, but progressed to acute myocardial infarction. Their course, however, could be easily differentiated from the clinical and ECG sequence of conventional acute myocardial infarction. 22 angina on exertion28 and the intermediate syndrome or unstable angina23 are characterized by a definite increase in heart rate and blood pressure during the episodes of pain. Although similar changes were rarely seen in our patients, angina was mostly associated either with stable blood pressure and heart rate, 0 13 14, 18 or reduction in these two variables,9 16, 18 suggesting that angina in our patients was precipitated by an acute regional reduction of coronary blood flow1' 5-10 rather than by increased energy demands in myocardial zones with fixed perfusion. The history of resting angina in half of these patients and failure of intraaortic balloon to relieve symptoms further supports this speculation. Spasm of coronary vessels might have played a role in the pathogenesis of variant angina in these patients. Spasm of normal or arteriosclerotic coronary vessels has been documented -during spontaneous variant angina,13' 14, 18, 29 and transient myocardial perfusion defects have been demonstrated during spontaneous variant angina by thallium-201 scintigraphy."6 Since spasm did not occur during coronary arteriography in our patients, provocative tests for its induction might have confirmed the diagnosis of variant angina in this group. The experience of Heupler et al. suggests that the ergonovine maleate provocative test is safe and induced spasm in 10 of 11 patients with history of variant angina, and in none of six patients with previous myocardial infarction and minor coronary obstruction who did not have history of variant angina.30 Provocative tests therefore may be useful in discerning the patients with vasoreactive angina from the subjects with angina or myocardial infarction who have normal anatomy or mild coronary lesions. Two of these patients with variant angina suffered a myocardial infarction, one 4 years before and the other 10 months after a positive ergonovine test. Although provocative tests do have risks,31 they can be done safely following certain guidelines,30 and may contribute to the understanding of the role of vasospasm in the initiation and/or perpetuation of ischemic myocardial injury leading to necrosis.
The prognosis for patients with variant angina was previously considered grave,1-3 but more recent work has not corroborated this idea.'2 13, 18 Infarction was thought to occur frequently in patients with variant angina,' but subsequent observations did not verify this concept.'2' 13, 16 Despite frequent association in the literature of variant angina with myocardial infarction, there are no data temporally linking episodes of variant angina with proven myocardial necrosis. Thus, the notion that infarction can be precipitated by attacks of variant angina cannot be supported by existing data. In a limited number of cases, variant angina preceded or followed acute myocardial infarction.4' In two case reports, an association was implied between variant angina and myocardial infarction; but in one patient, infarcts preceded and followed spontaneous and provoked angina by several months,32 and in the other, details of the clinical course were not presented. Nontransmural myocardial infarctions in our patients resulted in persisting T-wave inversions22 in ECG leads which, both before and after infarction, showed ST-segment elevations during variant angina." 2 Progressive increase in the amplitude of Twave inversion after recurrent attacks of chest pain might have represented a cumulative effect of these attacks on the extent of myocardial ischemia. Shortly after variant angina, the ECG returns to normal," 3 14 although T-wave inversions occasionally persist longer13 in the absence of enzymatic evidence of necrosis. Such occurrences may represent "microinfarcts" which cannot be detected. Refinement of current3" or development of new diagnostic methods may clarify the nature of these persisting T-wave inversions. Complications, including extension of necrosis, were similar in our patients to the ones previously noted in patients with conventional myocardial infarctions.22 36 Variant angina did not recur after myocardial infarction, in the experience of previous workers,1' 2, 6 but in our study and in the work of others,4' 5angina occurred in a few patients shortly after the infarct and in the follow-up period.
The mechanism by which recurrent episodes of variant angina result in myocardial necrosis is unclear. Coronary artery spasm may be the stimulus initiating ischemic injury, although vasospasm could be the consequence of an initial ischemic injury,37' 38 occurring through some other mechanism. Platelet aggregates alone or in combination with coronary spasm could originate such ischemic injury.34 39 Intramyocardial spasm has followed myocardial ischemic injury in dogs subjected to transient coronary occlusion.37 Such spasm, occasionally spreading to epicardial vessels, could generate a vicious cycle perpetuating and extending the original ischemic injury. 38 Between episodes of variant angina, our patients showed persisting T-wave inversions, which probably indicate continuing ischemia. Such ischemic regions could result in recurrent attacks of intramyocardial, or occasionally epicardial, spasm leading to necrosis. 37 
